The interactions between antithrombin III, thrombin and surface immobilized heparin.
The interactions between antithrombin III (ATIII), thrombin, and surface immobilized heparin were investigated. Carboxylated polystyrene modified with covalently immobilized albumin-heparin conjugate contain sites which can bind ATIII from buffer and plasma solutions. Approximately 65% of the ATIII molecules present at the heparinized surface either adsorbed from a buffer or plasma solution, exchanged with ATIII in buffer solution. The exchange between surface bound ATIII and ATIII in solution was repeated several times on the same heparinized surface. The number of binding sites that could bind and release ATIII was much higher when the heparinized surface was exposed to an ATIII containing buffer solution than to a plasma solution. The reduction in binding sites available for ATIII using plasma solutions as compared to buffer solutions could be explained by the competition of other plasma proteins with ATIII for the heparinized surface. It was observed that heparin binding proteins were able to compete with ATIII for binding to the immobilized heparin. Furthermore adsorption of proteins on the heparinized surface significantly reduced the availability of binding sites for ATIII. Exposure of thrombin to the heparinized surface resulted in thrombin activity at the surface. The thrombin activity on the heparinized surfaces was lower on surfaces with a higher ATIII concentration. The activity of surface bound thrombin was not affected by the presence of other plasma proteins. Enzymatically active thrombin molecules present at the heparinized surface were completely inactivated when the surface was exposed to a solution containing ATIII. The inactivation rate of surface bound thrombin by ATIII was higher than the rate of the uncatalyzed inactivation of thrombin in solution. Part of the Thrombin-Antithrombin III (TAT) complexes (10-20%) that were formed upon inactivation of thrombin remained bound to the heparinized surface. In general it was concluded that only the surface immobilized heparin molecules that can bind ATIII in a reversible way determine the anticoagulant properties of the surface. The mechanism of inactivation of a protease on a heparinized surface depends either on the catalytic effect of heparin on the inactivation rate of proteases by ATIII or on an increased uncatalytic inactivation due to increased concentrations of ATIII near the surface as compared to the concentration of ATIII in the bulk phase.